PURPOSE We aimed to assess the impact of UK primary care policy reforms implemented in April 2004 on potentially avoidable unplanned short-stay hospital admissions for children with primary care-sensitive conditions.
INTRODUCTION
P ay-for-performance schemes have successfully driven improvements in care for chronic conditions in many countries. Unintended consequences of these reforms may, however, diminish primary care quality for some groups, such as children, whose care is not incentivized. In 2004, the UK National Health Service (NHS) introduced major reforms to primary care policy that aimed to improve working conditions for primary care physicians and health outcomes for patients (Table 1) . [1] [2] [3] The scheme focused heavily on improving chronic disease management in adults with long-term conditions, but very few (<3%) of the health targets applied to children's care. 4 Additional revisions to primary care policy in 2004 allowing primary care physicians to opt out of providing acute primary care services during evenings and weekends have reduced access, which has been associated with increased emergency department visits.
In England, unplanned admissions of children increased between 1997 and 2006, driven by admissions associated with short stays-those characterized by minor, self-limiting conditions and lasting fewer than 2 days-which rose by 41%. 7 Previous studies implicating primary care reforms as responsible for rises in admissions had several design flaws. First, none of these studies took into account secular trends in admission rates, linked the rises to the timing of the reforms, or controlled for the falls in long stays. Also, previous studies focusing on all short-stay admissions did not compare changes in admission rates for PCS conditions against those for comparator conditions that should not have been affected by changes in primary care. 7 For example, injuries that should be seen in the hospital may result in a short stay and should not be counted as being PCS. Pediatric quality indicators in the United States and United Kingdom such as those of the Agency for Healthcare Research and Quality (AHRQ) 11, 12 have been used to measure PCS admissions 10 but account for only a minority of highly frequent causes of admission among young children. 13 We combined several criteria to develop a deliberately broader composite measure to capture the majority of potentially PCS childhood illnesses for which children would consult a primary care physician. Our hypothesis was that major restructuring in NHS primary care in England in 2004 adversely affected the availability of this care to children and, as a result, increased PCS short-stay unplanned hospital admissions for acute infectious and chronic conditions. We compared these trends with trends in short-stay admissions for injury as an index marker of background trends in hospital admissions and examined long-stay admissions to explore an alternative hypothesis that the burden of illness has increased over time.
METHODS

Data and Definitions
We analyzed data from Hospital Episodes Statistics, the national administrative database for hospital activity in England. 14 We examined all unplanned (emergency) admissions from April 1, 2000 to March 31, 2012 among children aged younger than 15 years; an unplanned admission was an unexpected event that occurred when a child presented with an acute problem and was immediately referred for hospital treatment. Admission diagnoses are recorded in Hospital Episodes Statistics as the main reason for admission or primary diagnosis using International Classification of Diseases, 10th codes that can be mapped to the AHRQ Clinical Classifications Software. 15 We developed broad composite indicators to identify admissions that were minor, self-limiting, and potentially PCS. Our main outcomes were short-stay admissions having a length of stay of less than 2 days and no readmission for any cause within 28 days for 2 broad groups of PCS conditions: acute infectious illness and chronic disease. We used clinical coding lists based on the AHRQ Clinical Classifications Software drawn up by a clinician expert panel (Supplemental Appendix 1, available at http://www.annfammed.org/ content/13/3/214/suppl/DC1). Discrepancies were resolved by discussion and consultation with literature to achieve consensus. Our comparator group was short-stay admissions for injury. We also examined a secondary outcome measure of a small subset of admissions for asthma, diabetes, urinary tract infection, and intestinal infection that have been used to reflect the quality of care outside of the hospital for children aged younger than 17 years and identify potentially avoidable hospitalizations among children at an area level by the AHRQ. 11 We grouped admissions into 326 English local authority areas, based on patients' residential area, by sex, financial year of admission, and developmental age-group (<1, 1 to 4, 5 to 9, and 10 to 14 years). Annual denominator data were Office of National Statistics midyear population estimates. 16 We flagged each admission referred by a primary care physician.
To examine the effect of improved efficiency as an alternative explanation for the rise in short-stay admission rates, we assessed trends in long-stay admissions, defined as those lasting 2 days or more, which we considered to be moderate or serious and hence not PCS. We also examined same-day discharges, a subset of short-stay admissions, as a secondary outcome of minor conditions presenting to hospitals. Age-and sexspecific short-and long-stay unplanned admission rates were directly standardized to the national population of children in 2011. Financial incentive scheme for primary care physicians to deliver clinical and organizational care, assessed through performance target achievement (the Quality and Outcomes Framework).
Emergency care reforms
Tightening of targets so that 98% of patients wait no more than 4 hours in an emergency department from arrival to hospital admission, transfer, or discharge.
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Hospital reforms
Introduction of payment-by-results schemes changed the way a hospital was paid, from a block contract payment system for service provision to one remunerating activity, such as episodes of care.
Data Analysis
To estimate changes associated with primary care policy reforms in 2004, we fitted an interrupted time series regression model of our time series for all children in England. The model had 3 main parameters: the first parameter estimated the annual trend in our outcome associated with each year from 2000 until the primary care policy reforms were introduced in April 2004, the second parameter estimated the immediate level change associated with policy change in 2004, and the third parameter estimated the trend change in our outcome associated with each year thereafter to 2011. 17, 18 For each outcome, we applied a generalized estimating equation model clustering by the combination of local authority area, age, and sex with robust standard errors and an autoregressive correlation matrix. 19, 20 We report annual rate ratios (RRs) calculated from the parameter estimations, which represent population-averaged rates. Sensitivity analyses investigated (1) an additional change in trend seen in 2008 and (2) the confounding effect of trends in long-stay admission rates on short-stay admission rates. To investigate referral by primary care physician as the outcome, adjusted annual odds ratios (ORs) were calculated from an interrupted time series trend analysis using logistic regression. The Health and Social Care Information Centre provided ethical approval to use Hospital Episodes Statistics data for our research. We performed all analysis using Stata 11 (Stata Corp).
RESULTS
Rates of Unplanned Admissions
Between 2000 and 2011, there were 7.8 million unplanned admissions in a population of 16 million children aged younger than 15 years, of which 811,154 (10%) were readmissions within 28 days of discharge. More than onehalf (4,144,729 of 7,831,633) of all unplanned admissions were potentially PCS short-stay admissions, of which 32% (2,492,038) were for acute infectious illness and 21% (1,652,691) were for chronic conditions. The AHRQ pediatric care quality indicators accounted for less than 10% of unplanned admissions and did not change significantly across the study period. The proportion of all unplanned admissions that were for a short stay increased from 66% in 2000 to 75% in 2011 (Table 2) , driven by same-day discharges, which increased from 31% to 46%. Short-stay admission rates were highest among infants and fell with age, ranging from 194 (95% CI = 193 to 195) per 1,000 children aged younger than 1 year in 2011 to 74 (95% CI = 73 to 74), 28 (95% CI = 27 to 28), and 23 (95% CI = 23 to 24) among children aged 1 to 4, 5 to 9, and 10 to 14 years, respectively. Owing to the large numbers of admissions, CIs generated were narrow and are not presented in full subsequently.
Infectious illness was consistently the most common reason for short-stay admissions in children aged younger than 5 years (Supplemental Appendix 2, available at http://www.annfammed.org/content/13/3/214/suppl/ DC1). Infectious illness and chronic conditions accounted for similar proportions among children aged 5 to 9 years. Because of steep rises after 2004, chronic conditions surpassed injury as the most common reason for short-stay admissions among children aged 10 to 14 years.
There were steady increases in age-and sexstandardized short-stay admission rates for infectious illness and injury over the study period, whereas rates for chronic conditions peaked in 2008 (Table 3 ). There were corresponding falls in long-stay admission rates (Supplemental Appendix 2).
Impact of 2004 Policy Reforms on PCS Admissions
Estimated trends for all-cause short-stay admission rates were increasing by 4% annually (RR = 1.04; 95% CI = 1.04 to 1.04) before 2004 but leveled off at 3% per year thereafter. There was no immediate level change in 2004 (Table 4) . Short-stay admission rates for infectious illness were increasing by 5% annually before April 2004 (RR = 1.05). Rates leveled off in 2004 (RR = 1.00) and remained at 4% annually thereafter. The annual increase in short-stay admissions for chronic conditions was 3% (RR = 1.03) before 2004; an immediate increase in 2004 of 8%, equivalent to 8,500 additional short-stay admissions, gave a total annual increase of 11% in 2004; rates continued to rise at 4% (RR = 1.04) per year thereafter. These estimated parameters measuring pre-2004 trend and 2004 level change were unaffected by modeling a 2008 change in trend and adding long-stay admission rates as an explanatory variable. Short-stay admission rates for our comparator condition, injury, increased by 1% to 2% annually throughout the study period.
Long-stay admission rates fell annually by 4%, 4%, and 2% before 2004 for infectious illness, chronic conditions, and injury, respectively (Table 4) . There was an interruption in the decline for chronic conditions in 2004 (RR = 1.01) but not for the other categories.
Trends in Admissions Referred by Primary Care Physicians
More children were referred by primary care physicians for infectious illness, 40% (1,122,656 of 2,797,011), than for chronic conditions, 35% (549,800 of 1,578,757). Referrals for injury were lowest at 5% (54,889 of 1,051,991). The proportion of unplanned admissions referred by primary care physicians for infectious illness and chronic conditions was decreasing annually by 8% (OR = 0.92) and 7% (OR = 0.93) before the policy reforms in April 2004, dropped by a further 5% and 6%, respectively, and gradually leveled off thereafter ( Table 5 ). The biggest reductions of 8% occurred among children aged 4 to 9 years (OR = 0.92).
DISCUSSION
Main Findings
Our findings confirm an association between the timing of major national primary care policy reform in the United Kingdom in 2004 and increases in short-stay admission rates for PCS chronic conditions in children. The 8% rise in 2004, above the increasing trend, was equivalent to 8,500 extra short-stay admissions. These increases were accompanied by falls in admissions of children referred by a primary care physician. We did not find an immediate change in the level of short-stay admission rates for infectious illness, which were increasing annually by 5% annually well before the reforms of 2004 against a steadily rising trend for injury admissions of 1% to 2% annually.
Strengths and Weaknesses in Relation to Previous Research
Our study is the first to use interrupted time series analysis to investigate the timing of primary care policy reforms on PCS admissions among children. Our study's strengths include its size and national population coverage. National administrative admission data are a useful tool for exploring the impact of national policy change as they are not subject to bias due to regional variations of individual clinicians. 21 Our definition of a PCS admission was deliberately broad and captured a wide spectrum of potentially avoidable admissions. Pediatric indicator sets adopted by previous studies 10, 22 accounted for only selected infectious and chronic conditions that, together, explained less than 30% of short-stay admissions in children. By contrast, in our study, the 10 most frequent causes for admission for potentially avoidable admissions for PCS infectious and chronic conditions accounted for more than 70% of short-stay admissions (Supplemental Appendix 3, http:// www.annfammed.org/content/13/3/214/suppl/DC1). Our broader composite indicators for acute and chronic PCS conditions may be useful for future research to monitor the impact of primary care on potentially avoidable admissions among children.
We acknowledge that our results are subject to a number of limitations, however. Inherent biases exist in the use of clinical codes and length of stay to derive a proxy for identifying PCS admissions. Changes in accuracy and completeness of clinical coding could have affected diagnosis categorization or referral information over the study period, 3 although the use of broadly defined diagnosis groups is less likely to be affected by variations in coding of individual conditions. 23 As we present only 4 years of data before policy reform, it is possible that a more important underlying trend could have been obscured; however, our previous report of a 41% increase in shortstay admissions over a 10-year period (between 1997 and 2006) is comparable to our findings of a pre-2004 rate of 4% per year. 7, 8 Our findings may be confounded by concurrent health policy and service changes in hospital care around 2004 (Table 1) . UK government performance targets introduced in 2000 were tightened in 2004 whereby emergency departments incurred heavy penalties if patients waited longer than 4 hours. In response, many hospitals introduced short-stay admission facilities for assessment and observation, which may explain increases in same-day discharge rates but not differing trends across diagnosis categories. 2, 10, 24 Financial tariff schemes for hospital activities including admissions were introduced starting in 2003, but there was only limited evidence of "gaming" by a small number of hospital trusts to increase payments. 3, 25 Shorter length of stay is associated with improved efficiency in hospitals when offset by a reduction in longer-stay admissions of 2 days or more; we adjusted for changes in long-stay admission rates and found increased efficiency does not explain the increases in short-stay admissions.
Implications and Future Research
Although we cannot infer causation from our findings, the magnitude of an 11% increase in short-stay admissions for chronic disease lends weight to speculation from previous reports that such admissions may increase when primary care provision is withdrawn. 10 Our findings that short-stay admission rates among children with chronic conditions changed immediately in 2004 and are now surpassing other causes of admission in older children are particularly concerning. This development may indicate an adverse impact of financial incentive schemes focusing on chronic conditions in adults. 26 The success of the scheme on improving quality of care and clinical outcomes has been questioned, 27, 28 and there has been concern that it has widened inequalities as a result of unintended consequences for children and other groups. 29, 30 Continuity of care, important in building a parent-physician relationship and preventing the use of emergency health services, also reportedly suffered with the introduction of pay for performance. [31] [32] [33] Evidence of the impact of pay for performance in the United Kingdom on children's access to primary care physicians is limited, but primary care consultation rates rose between 1995 and 2006 in all age-groups except for children aged 5 to 14 years. 34 We did not find a direct relationship for rising admissions for infectious illness in children, which predated the primary care policy reforms. Infectious illness is common among young children and particularly sensitive to the availability of out-of-hours care. ; by 2004, more than 95% of primary care physicians had opted out of this care provision nationally. Certainly, the large increases in admissions with sameday discharge may reflect a trend in emergency departments toward hospitalizing children for observation. 10, 36 The expansion in primary care-based activity as a result of reforms has meant that primary care physicians are struggling to maintain their existing workload, 37 and existing health care provision in England is not sufficient to contain childhood illness in the community. Concerns about rising emergency department visits and short-stay admissions have sparked calls for a reversal of policy reform, suggesting UK primary care physicians should extend access to primary care outside of core hours, and controversial pilot schemes for 24/7 care are now proposed in many areas. 38 Such changes, however, have huge implications for the primary care physician workforce and UK health system budgets. We recommend further research to model clinical and costeffectiveness and survey parental attitudes to weigh best options for avoiding admissions in children.
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